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This  report  eummariaee  the  progress  made  during  the  period  of 
August  10  through  September  10,  1961,  to  develop  improved  monolithic  rocket 
motor  cases  for  40"  (and  over)  diameter  solid  propellant  rockets. 

The  specific  goals  are  the  development  of  reliable  motor  cases 
with  hoop-stress  limits  substantially  in  excess  of  200,000  psi  steel  equivalent. 
The  motor  cases  must  be  capable  of  being  fabricated  with  reasonable  ease  on 
an  industrial  scale  and  their  producibility  proven  by  reliability  tests  at  final 
full  scale.  The  general  objective  is  to  be  accomplished  utilising  the  Pershing 
2nd  stage  motor  case  configuration. 

I  Special  Tooling  --  Material  and  Fabrication 

(A)  40"  Diameter  Pershing  2nd  Stage  Motor  Case  Dwg.  A-1  and  A-2 

1.  Hot  Cup  Die  -  No.  E-20000 

Fabrication  of  all  of  the  components  of  this  assembly  is 
continuing.  As  of  this  date,  the  punch  is  approximately 
50%  completed.  Completion  of  this  die  assembly  is  now 
scheduled  for  the  early  part  of  October. 

2.  First  Draw  Die  -  No.  E-20001 

Fabrication  of  this  die  assembly  is  well  underway. 

Machining  of  both  the  punch  and  the  die  shoe  has 
been  started  during  this  report  period.  Completion 
of  this  die  assembly  is  scheduled  for  the  end  of  October. 

3.  Second  Draw  Die  -  No.  E-20002 

Fabrication  of  all  of  the  components  of  this  die  assembly 
is  continuing  and  is  now  scheduled  for  completion  the  first 
week  of  November. 
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4.  Third  Draw  Die  -  No.  E-20003 

The  reeulta  of  the  survey  of  foundries  with  greater  capacity 
and  experience  on  pouring  large  castings  have  been  reviewed. 
The  foundries  approached,  and  the  foundry  which  has  been 
selected,  have  national  reputations  for  the  size  of  castings 
they  can  produce  and  are  recognized  for  their  ability  in  the 
field.  Several  meetings  have  been  held  for  the  purpose  of 
thorough  discussion  of  the  application  of  the  punch  as  related 
to  foundry  technique.  After  careful  consideration,  it  was 
agreed  that  a  chilled  casting  made  to  the  same  rigid  require¬ 
ments  as  those  associated  with  roll  manufacture  would  be 
required.  The  foundry  has  assured  us  that  such  techniques 
can  be  readily  utilized  to  produce  the  balance  of  our  cold 
draw  punches.  Orders  for  these  castings  are  being  released. 

Fabrication  of  the  balance  of  the  components  of  the  third  draw 
die  assembly  is  well  underway. 

5.  Fourth  Draw  Die  -  No.  E-20004 

(a)  Competitive  bids  were  obtained  and  orders  were  placed 
for  the  material  required  for  this  die  assembly. 

(b)  Requests  for  bids  for  the  fabrication  of  this  die  assembly 
have  been  issued. 

6.  Fifth  Draw  Die  -  No.  E-20005 

(a)'  Competitive  bids  were  obtained  and  orders  were  placed 
for  the  material  required  for  this  die  assembly. 
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7.  Sixth  Draw  Die  r  No.  E-20006 

(a)  Competitive  bids  were  obtained  and  orders  were 
placed  for  the  material  required  for  this  die  assembly. 

(b)  Requests  for  bids  for  the  fabrication  of  this  die 
assembly  have  been  issued. 


Ill  Alloy  Investigation 

(A)  Strain  Hardening  Teste 

In  a  prior  report,  the  results  of  tests  to  determine  the  strain 
hardening  characteristics  of  the  20%  and  25%  nickel  alloys  and 
the  all  beta  titanium  alloy  have  been  presented.  Before 
presenting  the  results  of  metallographic  examination  of  the 
test  samples,  a  brief  review  of  the  strain  hardening  test 
method  will  be  presented. 


There  are  various  methods  by  which  an  alloy  may  be  tested 
to  determine  its  strain  hardening  characteristics.  Due  to 
the  simplicity  and  low  cost  of  two  small  flattening  die  sections, 
the  compression  method  was  chosen  as  a  means  of  establishing 
the  curve  and  to  become  more  familiar  with  the  deformation 
characteristics  of  the  alloy.  During  the  test  a  small  cyclinder, 
0.  800"  diameter  by  0.  820"  high,  was  compressed  with  a  load 
of  8  tons  and  measured  for  compressed  height  and  diameter. 

A  second  sample  of  the  same  size  was  then  compressed  with 
a  load  of  16  tons  and  measurements  made. 
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This  sequence  was  continued  in  8  ton  increments  until  the  capacity 
of  the  testing  machine  (144  tons)  was  reached.  The  percentage  of 
reduction  in  height  was  then  plotted  against  compressive  stress 
which  was  based  upon  the  compressed  area  of  the  test  sample. 
These  results  and  the  variation  in  hardness  with  increasing 
reduction  have  been  presented  in  General  Report  No.  6. 

(B)  Results  of  Metallographic  Studies 

1.  A  metallographic  examination  was  made  of  each  specimen 
tested  in  establishing  the  strain  hardening  curves  but  photo¬ 
micrographs  were  recorded  of  only  a  few  of  the  reduction 
stages  to  illustrate  the  effects  of  deformation  on  the  structure. 
There  was  no  evidence  of  micro-cracks  in  any  of  the  samples 
examined . 

2.  20%  Nickel  Alloy 

The  following  photomicrographs,  negative  numbers  A-58 
through  A-67,  illustrate  the  effect  of  the  designated  amounts 
of  deformation  on  the  microstructure  of  the  alloy. 


t 


I 

I 

1 

I 


J  • 


tsfow  laooBPciunD 
OWaiAllCl  PROWJCTB  DIVI8I0H 
PmtOIT.  KICHIQAll 


J  Jt  •  ■  !■■  -fi,  '  ■  f  I  ^  i*  '  'v'  •’ 


Magt  XlOO  Etchant:  Nltal  &  Picral 

Neg.  No.  A-38 

Matarlalt  20^  Nickel  Alloy 
Conlltlont  Ae  axmealed  -  No  deformation 
Hardness:  Rockwell  "C  Scale  30.0 


,  r-:  .  .  ;  _  .:rA 


'xS 


v'  I  S  ■  •><'  >  ^  \ 

v’^  'V  '•  •  •'  .  \ 

V' ■■  V  '  ^  ^ 

A'r^s  ^ 


^  J 
L.-  '  O* 


.V 

,  r  r  j,  . 


^  V  ^\sy  ■ 

‘i  .V  • 

r,  ,  ''  '  ^  ' 


^  -  y  r  ■  '  .  . 


J  ,  > 

:■  '  ,  v 

S>  -  .••'  -i\>^ 


r  ■■, ' 


<'*■ 


^  V.. 

r  ' 


S' 


Mag:  X300  Etchant:  Nltal  &  Picral 

Neg.  No.  A-^9 


L 


m 


I 

I 

I 


LYON  mCOBPOBATED 
(BDNANCE  PRODUCTB  DIVISION 
ngmOITp  MICHIGAN 


’  •  *  V-.  ^  ’  U  fj  .  i.  A  '  ••  •  M 

i;.  ^  »:  ,:'  :  .■^.'./  ;•< , 

'•■  -.*•'■-■ ■-■  '  ■.,V-.  " 


Ma«:  XIOO 


Etchant:  Nltal  &  Pleral 
Neg.  No.  A-60 


Material:  20lt  Nickel  Alloy  .  , 

Coniition:  Cold  con^jresBed  l4.6^  in  single  reduction 
Ha'm1n«aa<  Rockwell  "C"  Seeds  31«3 


.  '  D  4*  X—/  '''  '' f'  '’i,'-'.  y  ■ 

A-  >••  ^  ^  -'HC  ' 

).  „  -1,'..  ,,f  ‘  .  ...  ,'  ')  .  .i  )  .  '-<*1  . 

/.  •  's  •Wv  ^  ’  t  c 

t  \  V  '  '  x’  .A'-'... 

■  '  hv>'r 7>- \  t 

Cv  .  -.'/  -^r''  ^  S'''-; '<5  ,-  S;;;,- 

'’ ,• ’;s  V'q.'s  >,.  .  .  .1  'i-- ,<r‘] 

^mT  ■  ^ 


Mag:  X500 


Etchant:  Nital  &  Picral 
Neg.  No.  A-61 


L 


LyON  DieOBPORATP) 
ORDNAIO  raODUCTB  DIVISIOW 
DBaOIT.  MICHIQAM 


Magi  XIOO 

Mat«rialt 

Con&ltloni 

HardxMMt 


Stchant:  Nltal  &  Plcral 
Neg*  No.  A-62 

20^  Nickel  Alloy 

Cold  CoBgareeeed  33.U^  in  single  reduction 
Rockwell  "C  Scale  32.8 


X  \  -n:[ 

if  •  -V  ,  <•., 

'A .-:•  *•••■'  .  •>' :  V  .  M  ,*- 

:  y'i  o'S'-Vj^V  -t  '  '■  '>{■<■ 


>  -'-f ' 

'a  .  /  * . '  ^  •  : 


-V  ..  ;  'V,  ^  ^  .XV  ^  t.  '. 

'i  .  ;  '  A.;v  .  ;>.s4 

^  i,  '*  -,  •>  I  k  . 


Etcbant:  Nltal  A  Plcral 
Neg.  No.  A-63 


Mag:  X500 


I 

I 

1 

I 

]; 


LYOW  IWCC3IRPCRAT15D 
ORENAIICE  PRODUCTS  D3VI3]PN 


Mag!  XIDO  Etchant:  Nital  &  Plcral 

Neg.  No.  A-64 

Jtotarlal:  ao^t  Nickel  Aiax>y 

Condition:  Cold  Coii5)reased  49.0^  in  single  reduction 
Hardness:  Rockwell  "C”  Scale  34.1 


T:*r' 

"V  *  a.''' '  •■■  •  '^  .*- 

■3^  -1.  >.  ’  5s  -  V*  ‘•_  J,  ■  ^ 

*  X  V  •  •  v'  •  •*-*>^**  * 

<V  .  -r  . 


V'- 

.  V 


*  1 
^  \,.T 


rf 


•r  '.  Xs  '  •  “  '  '■•  •  '  '  ■ '•'rt  X-'  '  -'  ^  V'  '“V 

T  'J-  ,_  X~  ---  S.I  '  ;  •  .'■ 

■  'r\'''  T-'  V,  .s'-  'X  »  '  V '■  ^  ~  X,< 


'•  '^V\'  •*  ' XW  •» 

•  N.  »  V  '  ►  V  ^  ^  .*»  •  * 

■‘■V  ■  '.'  :r 

.  ■'••  •'  -  •  s,‘ 

M  .;•■  -  '•  , .  '■  .  •  'V 

-  ni'  '  '  ■*'  "v. 

^  '  .  <r  •  •.cr^ 

•i.  V 

A  •  ’ 

>  V'"'  A., 


Mag:  X500 


Etchant:  NiteJL  &  Picral 
Neg.  No.  A-65 


LYOB  nccwomiTiD 

cBDKMKa  maucm  nvnaias 

PgTROIT.  MICHIQAIT 


Mag:  XIDO  Stchant:  Nltal  &  Plcral 

Neg.  No.  A-66 

Material:  20^  Nickel  Alloy 

Condition:  Cold  eonpressed  57 >1^  In  single  reduction 
KardiMss:  Rockwell  ''C”  Scale  34.3 


,w  !r  T' 


^  ^  nL-‘  ’ 


Etchant:  Nltal  &  Plcral 
Neg.  No.  A-67 


Mag:  X500 


U.  S.  Army  Ordnance 


Ceptember  10,  1961 


-  11  - 


3.  25%  Nickel  Alloy 

The  following  photomicrographs,  negative  numbers 
A-69  through  A-78  inclusive,  illustrate  the  effect  of 
the  designated  amounts  of  deformation  on  the  micro- 
structure  of  the  alloy. 
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Material:  251^  Nickel  Alloy 

Condition:  Cold  con5>re68ed  57*91^  in  single  reduction 
Hardness:  Rockwell  "C"  Scale  34.^ 
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4.  All  Beta  Titanium  Alloy 

The  following  photomicrographs,  negative  numbers 
A-80  through  A>93.  illustrate  the  effect  of  the 
designated  amounts  of  deformation  on  the  micro - 
structure  of  the  alloy. 
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5.  The  above  data  indicate  that  all  three  materials  possess 
a  high  degree  of  ductility  in  compression.  Although 
reductions  in  excess  of  50%  are  possible  in  compression, 
this  does  not  mean  that  a  50%  reduction  is  possible  during 
deep  drawing  or  any  other  forming  method  which  involves 
tensile  loading.  The  degree  of  ductility  exhibited  by  the 
materials,  however,  indicates  that  all  three  should  be 
capable  of  normal  reductions  when  deep  drawn  cold.  The 
increase  over  300-M  in  compressive  stress  for  a  given 
reduction  indicates  that  more  tonnage  will  be  required  to 
draw  the  20%  and  25%  nickel  alloys  and  the  all  beta  titanium. 

(B)  Sub-scale  Drawing  Tests 

The  second  draw  punch  of  the  two  inch  diameter  tooling  has  been 
released  for  modification.  As  soon  as  this  modification  is 
completed,  the  sub-scale  cups  of  the  20%  nickel  alloy  will  be 
given  their  second  cold  draw. 

Email  billets  of  the  all  beta  titanium  alloy  are  currently  being 
prepared  from  three  inch  round  bar  stock.  These  billets  will 
then  be  hot  pancaked,  machined,  and  submitted  to  sub-scale 
drawing  tests. 

A  procurement  specification  has  been  written  for  full-size  forged 


billet  blocks  of  the  20%  nickel  alloy  and  invitations  for  bids  have  been  released. 
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In  our  next  report,  a  chart  will  be  included  that  will  reflect 
our  development  and  die  tryout  schedule.  Our  development  personnel 
will  be  divided  into  three  crews  for  around-the-clock  operation  to  expedite 
the  tryout  of  the  full-sise  special  tooling.  We  are  planning  on  hydrotesting 
the  Phase  I  configuration  by  the  first  part  of  March  and  the  Phase  II 
configuration  by  June. 


Sincerely  yours, 

LYON  INCORPORATED 
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Bedatone  Araenal,  Alabama 

A1^:  aBDZB-BGA,  Mr.  Kanneth  E.  Parr  1 

Mr.  H.  Elnricha,  Propulalon  Lab.  1 

Commanding  Officer 
Ordnance  Itoterlala  Beaeareh  Office 
Watertovn  Araenal 
Watertovn  72,  ttna. 

ATTN:  BPD  2 

Commanding  Officer 
Plcatinny  Araenal 
Dover,  N.  J. 

ATTN:  Mr.  J.  J.  Seavuzzo,  Plaatlca  A  Packaging  Laboratory  1 

Dr.  D.  Stein,  0BDBB-DE3  1 
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Rock  Island  Arsenal 

Rock  Island;  Illinois 

ATTN:  Materials  Section,  Laboratory 

Commanding  Officer 
Watertovn  Arsenal 
Watertovn  72 >  Mass. 

ATTN:  CROBE-IX 

Comnander 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 
ATTN:  TIPDR 

Chief;  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Room  2223;  Munitions  Building 
Washington  23,  D.  C. 

ATTN:  RMff 

Coopoander 

U.  S.  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring;  Maryland 
ATTN:  Code  WM 

Coonander 

U.  3.  Naval  Ordnance  Test  Station 

China  Lake;  California 

ATTN:  Tedtoicsl  Library  Branch 

Department  of  the  Navy 
Office  of  Naval  Research 
Washington  23;  D.  C. 

ATTN:  Code  423 

Allison  Division 

General  Motors  Corporation 

Indianapolis  6,  Indiana 

ATTN:  Mr.  D.  K.  Hanlk,  Chief  Metallurgist 
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Department  of  the  Navy 
Special  Projects  Office 
Washington  23 t  D.  C. 

ATTN:  SP-271  1 

U.  8.  Air  Force  Directorate  of  Research  fc  DevelqpsMnt 
Room  i0-313«  The  Pentagon 
Washington  23/  D.  C. 

ATTN:  Lt.  Col.  J.  B.  Shiiqp,  Jr.  1 

Wright  Air  Development  Division 
Wright-Patterson  Air  Force  Base 
Ohio 

ATTN:  ASRCEE  (WWRCEE)  2 

Air  Force  Flifi^t  Test  Center 
Edvards  Air  Force  Base 
California 

ATTN:  Solid  Systems  Division,  FTRSC  ^ 

AMC  Aeronautical  Systems  Center 
Wri^t-Patterson  Air  Force  Base 
Ohio 

ATTN:  Manufacturing  fc  Materials  Technology  Division  (LMEMO)  2 

National  Aeronautics  and  Space  Administration 
Washington,  D.  C. 

ATTN:  Mr.  R.  V.  Rhode  1 

Mr.  Q.  C.  Deutsch  1 


Dr.  W.  R.  Lucas 

Qeorge  C.  Marshall  Space  Flight  Center 
Rational  Aeronautics  and  Space  Administration 
Huntsville,  Ala. 

ATTN:  M-SAM-M  1 

Defense  Metals  Information  Center  1 

Battelle  Memorial  Institute 
Columbus,  Ohio 

Solid  Propellant  Information  Agency  3 

Applied  Physics  Laboratory 
The  John  Hopkins  University 
Silver  Spring,  Maryland 

Aerojet-General  Corporation 
Post  Office  Box  1166 
Sacramento,  California 

ATTN:  Librarian  1 
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Dr.  L.  Jaffe 

Jet  Proimlslon  Laboratory 
California  Institute  of  Technology 
4800  Oak  Drove  Drive 
Pasadena*  California 

Aerojet'Qeneral  Corporation 
Post  Office  Box  2^6 
Asusa*  California 
ATTN:  Librarian 

)lr.  C.  A.  Fournier 

ARDE-Portland*  Inc. 

100  Century  Road 
Paranusi  Nev  Jersey 
ATTN:  Nr.  R.  Alper 
Nr.  E.  Brunnel 


Atlantic  Research  Corporation 
Shirley  Hlc^xvay  and  Edsall  Road 
Alexandria*  Virginia 
ATIN:  Nr.  E.  A.  Olcott 

Hercules  Powder  Ccapany 
AUei^iany  Ballistics  Laboratory 
Post  Office  Box  210 
CuBiberlaiid*  Maryland 
ATTN:  Dr.  R.  Stelnberger 

Superintendent 

U.  S.  Naval  Weapons  Plant 

Washlngtma  2^,  D.  C. 

ATTN;  Code  722 

Advanced  Metals  Research  Corporation 
62^  McOrath  Highway 
Somerville*  Mass. 

ATTN:  Nr.  Lewis 

Alloyd  Research  Corporation 
35  Cambridge  Parkway 
Cambridge*  Mass. 

ATTN:  Dr.  S.  S.  White 


Battelle  Memorial  Institute 
505  King  Avenvie 
Columbus  1,  Ohio 
ATTO:  Mr.  R.  Mcmroe 
Mr.  G.  Faulkner 
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Borg-VHarner  Corporation 
IngeraoU  Kalanacoo  Dlalilon 
1810  N.  Pitcher  Street 
KhlaaasoOf  Mlohlean 
Am:  Mr.  J.  Schlffel 

Mr.  B.  E.  Angerwn 

The  Budd  Coopany 
Defense  DivlBion 
Philadelphia  32,  Pa. 

Am:  Mr.  B.  C.  Dethloff 

Curtisa-Vfrleht  Corporation 
Vlrlght  Aeronautical  Division 
Wood-Bldgoi  N.  J. 

Am:  Mr.  H.  Bhhn 

Manufacturing  Lahoratories 
2U9  Fifth  Street 
CauBbrldga  k2,  Mass. 

Am:  Dr.  P.  Foplano 
Dr.  V.  Badollffe 

Maaaachuaetts  Institute  of  Technology 
Caabrldge,  Miasaohuaetta 
Am:  Prof.  Backofen 

Mellon  Institute 
4400  Fifth  Avenue 
Pittsburgh  13 >  Pa. 

Am:  Mr.  C.  J.  Ouon 

Dr.  H.  L.  Anthony 

Ohio  State  university 
Besearch  Foundation 
Columbus,  Ohio 
Am:  Dr.  McMaster 

The  Perkln-Elasr  Corp. 

Main  Avenue 
Borwalk,  Connecticut 
Am:  Mr.  J.  Beardsley 

Pratt  A  VAiltney  Aircraft 
East  Hartford,  Connecticut 
Am:  Mr.  W.  Dahl 
Mr.  C.  Baxter 

Norris  Thenaldor  Corp. 

^21^  South  Boyle  Avenue 
Los  Angeles  ^6,  California 
Am:  Mr.  L.  Shiller 
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CoamMidlng  Qeneral 

Ordnance  Tenk>Autanotlve  Coamend 

Detroit  9,  Mlehlgen 

ATTSi  Hr.  S.  Sobak,  GraNC*lF-2  1 

Commanding  Qeneral 
Ordnance  Weapons  Coonand 
Rock  Island,  Illinois 

ATTH:  Mr.  B.  Qerke,  ORDOW-IA  1 

Coomandlng  Officer 

U.  S.  Army  Rocket  A  Qulded  Missile  Agency 
Redstone  Arsenal,  Alabama 

ATTN:  Mr.  Robert  Fink,  CRDXR-ROA  1 

Mr.  W.  H.  Thomas,  OBDXR-IQI  1 

ORDXR-IXD  1 

Coomandlng  Officer 
Frankford  Arsenal 
Philadelphia  37 «  Pa. 

ATTN:  Dr.  H.  Olsser,  CRDBA-1330  1 

Mr.  H.  Markus,  ORDBA>1320  1 

Coonandlng  Officer 
PIASTBC 

Plcatlnny  Arsenal 

Dover,  N.  J.  1 

Commanding  Officer 
Springfield  Ansory 
Springfield  1,  Mass. 

ATTN:  Mr.  R.  Kerytoskl,  Research  Materials  Lab.  1 

ConsModlng  Officer 
Watervllet  Arsenal 
Watervllet,  New  York 

ATTN:  Mr.  F.  Dashnav,  ORDBF-RR  1 

Coosaander 

U.  S.  Naval  Research  Laboratory 
Anacostla  Station 
Washington  25,  D.  C. 

ATTN:  Mr.  J.  E.  Srawley  1 

Mr.  William  A.  Wilson 

George  C.  Marshall  Space  Flls^t  Center 

Huntsville,  Alabama 

ATTN:  M-F&AE-M  1 
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Curtlsi-Hrl^t  Corporation 
Wri^t  Aeronautical  Division 
Wood-Rldge>  N.  J. 

ATTH:  Mr.  Sburlf  1 

A.  M.  Kettle,  Technical  Library  1 

Hughes  Aircraft  Coapany 
Culver  City 
California 

ATTN:  Librarian  1 

Tspco  Croup 
2355$  Euclid  Avenue 
Cleveland  17,  Ohio 

ATTN:  W.  J.  Piper  1 

Chief 

U.  8.  Amy  Research  and  DevelopeMnt  Liaison  Group  (Europe) 

APO  757,  New  York,  N.  Y. 

ATTN:  Major  R.  J.  Astor  1 

Plastics  Technical  Evaluation  Center 
Plcatlnny  Arsenal 
Dover,  New  Jersey 

ATTN:  QRDBB-VP3  2 


Library 

Aeronutronlc  Division 
Ford  Motor  Coapany 
Ford  Rood 

Newport  Beach,  California 

U.  S.  Amy  Research  Office  (burhaa) 
Box  CM,  Duke  Station 
Durhaa,  North  Carolina 
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